In this paper, the authors have proposed a method to determine the necessary number of the braces for the ceiling area from the specified displacement criterion. When the ceiling can be regarded as a linear single degree of freedom system, the fundamental period of the ceiling is the design parameter to control the maximum displacement for the given design response spectrum, and the target fundamental period can be determined for the specified displacement criterion. When the ceiling is regarded as a nonlinear system, the necessary number of the braces can be estimated based on the relationship between the supporting area for a set of the brace and the maximum earthquake displacement of the ceiling. The supporting area for a set of the specified brace can be determined by the story number of the building, the floor number of the ceiling and the displacement criterion. The validity of the proposed method is verified by the time-history analysis by using the observed seismic records of the 2011 Tohoku Pacific Earthquake.
Various earthquake-proof ceilings have been studied recently, and the authors have developed a reinforcing method to improve the aseismic performance of conventional ceilings. The proposed method employs partial reinforcement only for the braces to be easily and economically applied into the conventional ceilings. The reinforced braces are able to increase earthquake-proof performance of the ceiling, and the necessary number of the braces for the ceiling area needs to be determined to fulfill the aseismic criteria.
In this paper, the authors have proposed a method to determine the necessary number of the braces for the ceiling area from the specified displacement criterion. Table 1 shows the assumed parameters of building models. The story numbers of the building models vary one to 16. Three different relationships between the story number of a building model and the fundamental period are adopted in this study, as shown in Fig. 3 . And a building model of the same story number is assumed to have 6 different storywise distributions of the story stiffness and mass as shown in Table 1 . The earthquake responses of the building models are assumed to be linear, and the maximum acceleration responses are obtained for an artificial acceleration wave that is generated to be compatible for the assumed design response spectrum.
The obtained acceleration response of each floor of a building model is regard as an input wave for the ceiling, and the displacement response spectra are calculated from the obtained acceleration responses. When the ceiling can be regarded as a linear single degree of freedom system, the target fundamental period, Treq, for the specified displacement criterion can be determined from the displacement response spectra. The relationships between Treq and the fundamental period of the building, T1, are expressed by approximation formulae in Eqs. 7 to 9.
When the ceiling is regarded as a nonlinear single degree of freedom system, the necessary number of the braces can be estimated based on the relationship between the supporting area for a set of the brace and the maximum earthquake displacement of the ceiling. The nonlinear ceiling model as shown in Figs. 6 and 7, time-history response analyses are carried out for a parameter of the supporting area for a set of the brace. The relationships between the supporting area for a set of the brace and the maximum displacement of the ceiling are demonstrated in Figs. 12 and 14. The upper limit of supporting area for a set of the brace is demonstrated in Table 5 for the specified displacement criterion, the story number of the building and the floor number of the ceiling.
The validity of the proposed method is verified by utilizing the observed earthquake responses of ten buildings subjected to the 2011 Tohoku Pacific Earthquake. Table 6 shows the story number and the structural type of each building. Those buildings are located in the areas of the seismic intensity 4.5 to 5.0. The observed earthquake records are input to the designed ceiling models for the displacement criterion of 10, 20 or 30 mm, and the maximum earthquake responses are compared with the criteria, as shown in Fig. 17 . All of the maximum responses of the linear and non-linear ceilings with necessary braces are below the criteria and leave a good safety margin of 1.2 to 2. 
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